INTRODUCTION
The shea tree Vitellaria paradoxa C.F. Gaertner, synonym Butyrospermum parkii G. Don Kotschy; family Sapotaceae is indigenous to the savanna belt that extends across sub-Saharan Africa north of the equator, and ranging from Mali in the west to Sudan and Uganda in the east from 16 W to 34 E longitude and 1 N to 15 N latitude 1 4 Fig. 1 . The most valued product of the shea tree is shea butter, which is the fat extracted from the kernels. Processed shea fat is used primarily as a cocoa butter substitute or extender in chocolate manufacturing 1 .
These applications are due to properties imparted by the structures of its component triacylglycerols TAGs . In addition, shea fat is increasingly popular in skin care products and cosmetic product formulations, in part due to the unusually high level of non-saponifi able lipid NSL constituents 5 . The main NSL constituents of shea fat have been reported to be triterpene alcohols such as α-amyrin 1 , β-amyrin 2 , lupeol 3 , and butyrospermol 4 6 9 Fig. 2 , most of which occur as the acetyl and cinnamyl ester derivatives 4, 5, 8 . Naturally occurring triterpene alcohols and their derivatives have numerous biologically useful proper-cently determined the contents and compositions of triterpene alcohol fractions from the NSL and fatty acid compositions of the kernel fats n-hexane extracts from 36 shea nut samples from 7 sub-Saharan countries 15 . Additionally, we have demonstrated that the cinnamyl 1c-4c and acetyl 1a-4a triterpene esters TEs , especially lupeol cinnamate 1c , that were isolated from the kernel fat, could be valuable as anti-infl ammatory agents and chemopreventive agents in chemical carcinogenesis 16 . We now report, in this paper, the contents and compositions of TAGs and TEs in the kernel fats of 36 shea nut samples from 7 sub-Saharan countries.
EXPERIMENTAL PROCEDURES

General experimental procedures
High-resolution atmospheric pressure chemical ionization mass spectrometry HR-APCI-MS spectra of the TAG fractions were recorded in the positive-ion mode on an Agilent 1100 LC/MSD TOF time-of-fl ight system. The contents of TAG and TE in the shea kernel fats were determined using a gradient high-performance liquid chromatography HPLC system HPLC system I with a binary pump SSD-3462; Senshu Scientific Co., Ltd., Tokyo , a Sedex 55 evaporative light scattering detector system ELSD Alfortville, France regulation temperature: 40 , air pressure: 2.7 bar , and a Pegasil ODS C 8 SP100 column 25 cm 4.6 mm i.d.; Senshu Scientifi c Co., Ltd.; column temperature: 30
. The gradient system started with an elution solvent fl ow rate: 1.0 mL/min of 35 acetone solvent-A and 65 acetonitrile MeCN; solvent-B at 0 min and was linearly changed to 65 solvent-A and 35 solvent-B within 30 min, with a total run time of 40 min. The analysis of the TAG fractions was carried out by HPLC HPLC system II with a binary pump and a Develosil C30-UG-3 column 25 cm 4.6 mm i.d., 3 μm; Nomura Chemical Co., Ltd., Aichi; column temperature: 40
. The gradient system started with an elution solvent fl ow rate: 0.8 mL/min of 20 2-propanol with 2 mM HCOONH 4 solvent-A and 80 MeCN solvent-B at 0 min and was linearly changed to 70 solvent-A and 30 solvent-B within 30 min; this solvent system was maintained for a further 40 min. The analysis of the TE fractions was performed by HPLC HPLC system III with a refractive index RI detector on a Pegasil ODS-II column 25 cm 4.6 mm i.d.; Senshu Scientifi c Co., Ltd. eluted with MeCN-acetone-acetic acid AcOH 80:20:0.1 at a flow rate of 1.0 mL/min. Preparative-TLC plates 20 20 cm coated with a 0.5 mm layer of silica gel G60; Merck & Co., Inc. were developed with n-hexane-EtOAc 85:15 .
Materials and chemicals
The collection sites of the 36 shea nut samples from 7 countries in Africa included trees from 2 sites in Cote d Ivoire, 1 in Ghana, 14 in Nigeria, 3 in Cameroun, 8 in Chad, 2 in Sudan, and 6 in Uganda, and are shown in Fig. 1 . The nut samples were numbered sequentially based on the longitude of the collection site, beginning with that from the westernmost site. The longitude, latitude, and elevation of the sites of shea nuts collection were previously described 15 . Shea kernel fats were obtained by n-hexane extraction of dried and decorticated nuts as described previously 15 . The following 15 reference TAGs were purchased from Tsukishima Foods Industry Co., Ltd. Tokyo : LOL, Fig. 2 16 .
RESULTS AND DISCUSSION
TAG and TE contents of the shea kernel fats
The contents of TAG and TE in the shea kernel fats were determined by HPLC system I. Free fatty acids, acetyl and cinnamyl TEs, and TAGs eluted between 3.0-5.0 min, 6.0-11.0 min, and 15.0-31.0 min retention times t R , respectively, under the conditions employed Fig. 3 . The percentages of the TAGs and TEs were calculated by divid- Table 1 Contents and compositions of TAGs from the kernel fats of 36 shea nuts samples from 7 African countries ing the sum of the peak area corresponding to these compounds by the sum of all peak areas of these compounds using an integrator. All of the kernel fats exhibited further HPLC peaks corresponding to free fatty acids in varying amounts 0.1-14.8 of the sum of all peaks that appeared in the chromatogram . These free fatty acids were precluded from the determination of the contents of TAGs and TEs. We note that the contents of free fatty acids in the extracts are considered to be highly infl uenced by the collection and preservation conditions of the nuts and therefore do not represent characteristic values of the provenances 17 . As shown in Table 1 , the TAGs in this study comprised from 93.5 sample No. 14 from Nigeria to 99.5 sample No. 36 from Uganda of the total shea kernel fats, with a mean value of 97.1 . In contrast, the TEs comprised from 0.5 to 6.5 of the total, with a mean value of 2.9 Table 3 . These values are very close to the total triterpene alcohol contents determined based on the saponifi cation of the kernel fats reported in our recent study 15 .
Shea samples from the western and central areas of the shea belt Cote d Ivoire, Ghana, Nigeria, and Cameroun generally had higher TE contents 2.0-6.5 than those from eastern areas Table 3 . Shea samples from Chad, which is located in the central area of the shea belt, showed intermediate levels of TE 1.4-2.9
, while those from the eastern area Sudan and Uganda exhibited lower levels of TE 0.5-1. 4 . This geographic trend in shea TE contents is generally consistent with our recent findings for the total triterpene alcohol contents 15 .
Separation and identification of TAG
The shea kernel fats were fractionated by preparative-TLC into TE R f : 0.81 and TAG R f : 0.67 16 . The TAG fraction was subjected to HR-APCI-MS analysis on an LC/MSD TOF system using a Develosil C30-UG-3 as the LC column HPLC system II . Twenty-two TAGs were detected, among which 15 were identifi ed as LOL, OLO, SLL, PLO, PLP, OOO, SLO, POO, PLS, POP, SOO, POS, AOO, SOS, and ASO based on a comparison of the MS and retention data with those of the reference TAGs. Table 2 contains the HR-APCI-MS data for the TAGs, and Fig. 4 shows an example of the HPLC profi le of a TAG fraction sample No. 
Compositions of the TAG fractions
The compositions of the TAG fractions were determined using HPLC system II with an ELSD Fig. 4 . The sensitivities for individual TAG species are reported to be almost the same for the TAG molecular species in the ELSD with the gradient elution system 18, 19 . As shown in 
Compositions of the TE fractions
The analysis of the TE fractions was performed using HPLC system III. Identifi cation of four triterpene acetates 1a-4a and four triterpene cinnamates 1c-4c was undertaken by the comparison of their retention times and MS data with those of reference compounds. The percent compositions were obtained by dividing the individual peak area by the sum of all peak areas obtained for TEs using an integrator. An example of an HPLC chromatogram of the TE fraction obtained from a shea nut sample No. 8 from Nigeria is shown in Fig. 5 . As shown in Table 3 , which were accompanied by minor amounts of several unidentified components 1.8-12.9 . The content of the triterpene cinnamates 1c-4c predominated over that of the triterpene acetates 1a-4a throughout the shea samples analyzed with a cinnamyl-to-acetyl ratio of approximately 2:1 Table 3 . Although we have previously reported signifi cant geographic correlation in the relative composition of triterpene alcohols obtained from the NSL of shea kernel fats 15 , no striking regional differences in TE composition were observed in this study.
CONCLUSION
In this study, the kernel fats n-hexane extracts of 36 shea nut samples from seven sub-Saharan countries were analyzed for the TAG and TE constituents. The TAG fractions were dominated by SOS mean 31.2 , SOO 27.7 , and OOO 10.8 , which is consistent with previous observations 2, 4 . The TAG profiles showed a strong geographic trend: shea samples from the western area of the shea belt Cote d Ivoire, Ghana, and Nigeria exhibited a higher concentration of high-melting TAGs, such as SOS and POS, whereas those from the central Cameroun and Chad and eastern areas Sudan and Uganda contained higher percentages of low-melting TAGs, such as SOO and OOO. Given the substantially higher percentages of SOS, which was highest in samples from western Nigeria and Ghana, these results support the chocolate industry s preference for West African shea nuts. Consistent with earlier fi ndings, the kernel fats contained unusually high levels of TEs, ca. 0.5-6.5 , although the values we measured were not as high as previously reported 4 . The TE content of the kernel fats also showed a strong geographic trend. Shea samples from the western area of the shea belt Cote d Ivoire, Ghana, and Nigeria and from Cameroun generally contained a greater percentage of TE 2.0-6.5 than those from Chad in the central area 1.4-2. 4 and Sudan and Uganda in the eastern area 0.5-1. 4 . The TE fractions contained α-amyrin cinnamate 1c; mean 29. 3 as the predominant component followed by butyrospermol cinnamate 4c; 14.8 , α-amyrin acetate 1a; 14.1 , lupeol cinnamate 3c; 9.0 , β-amyrin cinnamate 2c; 7.6 , lupeol acetate 3a; 7.2 , butyrospermol acetate 4a; 5. 8 , and β-amyrin acetate 2a; 4.9 , with no striking regional difference in TE composition observed. This study reports analytical data from samples collected across a broad geographic range; thereby adding more information to the regional picture of shea variation across the distribution zone. The results of this study will be of value for the further utilization of shea kernel fats shea butter from specifi c origins according to product application in the cosmetic and pharmaceutical fi elds in the future.
